917 

mr  *  M 

I  I  oviroe 


RStudLvj  optKe  IValtmr^  of  "Tree.  Car t<*\"  in  T<vfS 


r 


A  STUDY  OF  THE  NATURE  OF 
"FREE  CARBON"  IN  TARS 


BY- 


GEORGE  STUART  MONROE 


TH  ESIS 

FOR  THE 

DEGREE  OF  BACHELOR  OF  SCIENCE 

IN 

CHEMISTRY 


COLLEGE  OF  LIBERAL  ARTS  AND  SCIENCES 

UNIVERSITY  OF  ILLINOIS 
1917 


■4' 


I     ■  I 


UNIVERSITY  OF  ILLINOIS 


^^.^..d-.^.j.  S..^  191...7 


THIS  IS  TO  CERTIFY  THAT  THE  THESIS  PREPARED  UNDER  MY  SUPERVISION  BY 


r^..\...tZ&77.*k..^, 


ENTITLED 


<X^t.  ±£... 

2Tid^  GU<_<a^^   / 


IS  APPROVED  BY  ME  AS  FULFILLING  THIS  PART  OF  THE  REQUIREMENTS  FOR  THE 


DEGREE  OF 


CM...,. 
Instructor  in  Charge 


Approved 


HEAD  OF  DEPARTMENT  OF. 


W  r  ->  -»  j->  /~v 


UfUC  * 


TABLE  OF  CONTENTS 

Page 

Introduction  1-5 
Experimental 

I.     CoLd  extraction  5-IO 

Table  I  6 

Table  TI  8-9 

II.     Hot  extraction  10-15 

TabLe  III  LL 

III.    BoiLing  point  determinations  L5-L9 

Table  V  17-18 

Conclusions  20-21 


References 


22 


Digitized  by  the  Internet  Archive 
in  2013 


http://archive.org/details/studyofnatureoffOOmonr 


ACKNOWLEDGMENT 


Acknowledgment  is  hereby  made  of  the  valuable 
assistance  rendered  by  Dr.  H.  J.  Broderson  in  the  preparation 
of  this  thesis. 


A  STUDY  OF  THE  NATURE  OF  "FREE  CARBON"  IN  TARS 

INTRODUCTION 

7ve  original  purpose  of  this  investigation  was 
the  examination  of  the  chemical  and  the  physical  properties  of 
"free  carbon"  as  it  exists  in  the  original  untreated  tar,  and  as 
the  insoluble  residue  left  after  extraction  with  solvents  ac- 
cording to  the  standard  methods  of  analysis.     Owing  to  lack  of 
time,  investigation  has  "been  extended  only  to  the  latter  phase 
of  the  subject. 

"Free  carbon"  is  the  term  used  to  designate  that 
part  of  the  tar  insoluble  in  benzene  and  certain  other  solvents. 
It  exists  in  all  tars  in  varying  amounts,  depending  chiefly 
on  the  nature  of  the  coal,  the  temperature  of  carbonization, 
and  the  shape  of  the  retorts.     Its  origin,  according  to  ^ohter, 
is  due  partly  to  coal  dust  and  coke  dust  being  mechanically 
carried  over  from  the  retorts  in  which  distillation  takes  place, 
but  chiefly  to  the  decomposition  of  vapor  on  the  hot  sides  of  the 
retort.    Hence  from  the  nature  of  its  origin  it  is  evident  that 
"free  carbon"  is  not  elemental,  but  a  substance  of  complex  nature 
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as  shown  by  chemical  analysis.  One  analysis  according  to  77eiss 
is  as  follows: 

Carbon  89.85 

Hydrogen  3.30 

Nitrogen  1.10 

Oxygen  3.13  (by  difference) 

Sulfur  1.28 

Mineral  ash  1.34 

3 

Lunge  mentions  several  methods  for  the  deter- 
mination of  "free  carbon"-  all  based  on  the  principle  of  dis- 
solving out  the  soluble  portions  of  the  tar  with  suitable  solvents 
such  as  benzene,  tcl^ene,  xylene,  glacial  acetic  acid,  etc.,  and 
weighing  the  insoluble  residue  as  "free  carbon".     Beyond  a  com- 
parison of  the  relative  merits  of  these  various  methods,  he 
makes  no  attempt  toward  an  extensive  characterization  of  this 
insoluble  residue  known  as  "free  carbon". 

The  latest,  as  well  as  the  most  exhaustive,  in- 
vestigation concerning  the  nature  of  "free  carbon"  was  made  by 
4- 

Weiss.  The  latter  made  a  comparison  of  the  effects  of  different 
solvents,  of  the  influence  of  time,  and  of  the  results  of  hot  and 
cold  extractions  on  the  "free  carbon"  content  of  various  tars. 

To  account  for  the  tendency  of  progressive  pre- 
cipitation of  insoluble  residue  when  tars  are  allowed  to  stand 
in  contact  with  various  solvents,  leiss  advanced  the  theory 
of  a  chemical  reaction  between  some  of  the  tar  constituents  and 
the  solvent,  thereby  producing  insoluble  compounds.     Although  he 
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has  strong  evidence  to  support  this  view,  he  does  not  mention 
the  possibility  of  producing  unstable  colloidal  systems  by 
diluting  the  tars  with  such  solvents,  or  that  of  adsorption, 
as  a  possible  explanation  of  some  of  the  phenomena  attributed  to 
chemical  reaction. 

He  ends  the  article  with  a  comparison  of  the 
various  methods  of  determining  "free  carbon",  and  advocates  the 
toluene-benzene  method  in  preference  to  all  others. 

An  interesting  article  on  the  nature  of  "free 
carbon"  as  it  exists  in  the  original  undiluted  tar  appeared  under 
the  title  "Composition  of  Tar  Oils".      According  to  the  author 
"free  carbon"  exists  in  tars  as  an  emulsion,  the  emulsifying 
agent  being  the  pitch  oils.     This  conclusion  was  confirmed  by 
observations  made  on  a  synthetic  tar  in  which  case  homogeneous 
mixtures  approaching  the  consistency  of  tars  were  obtained  only 
when  pitch  oils  were  present. 
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EXPERIMENTAL 

The  experiments  described  "below  may  be  grouped 
under  three  general  divisions:   (1)  those  showing  the  variation 
in  "free  carbon"  content  by  allowing  tars  to  stand  in  contact 
with  solvent  at  room  temperature  for  different  periods  of  time, 
(2)  those  showing  the  variation  in  "free  carbon"  content  by 
digesting  the  tar  with  the  solvent  on  the  water  bat.i  lor  different 
periods  of  time,  and  (3)  experiments  designed  to  show  the  pro- 
bability of  chemical  reaction  between  tar  and  solvent  when  the 
latter  are  digested  on  the  water  bath,  by  noting  the  variation  in 
the  boiling  points  of  such  tar  solutions  at  different  periods 
during  the  experiment-    thereby  accounting  for  the  fluctuations 
in  the  "free  carbon"  content  of  various  tars  observed  in  the  hot 
extraction  method. 

Experiments  were  also  to  be  made  to  show  that 
chemical  reaction  might  explain  the  tendency  of  progressive 
precipitation  of  insoluble  material  when  tars  are  allowed  to 
stand  in  contact  with  various  solvents  at  room  temperature.  To 
show  this  possibility  observations  were  to  be  made  on  the 
depression  of  the  freezing  point  of  solutions  formed  by  dis- 
solving tars  in  benzene.    Variations  in  such  depressions  would 
evidently  show  the  probability  of  chemical  reactions.     Lack  of 
time,  however,  has  prevented  such  experiments  from  being  made. 

The  following  experiments  were  performed  with 
a  gas  house  tar  not  dehydrated  at  first  but  dehydrated  for  later 
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determinations ,  a  dehydrated  water  gas  tar,  and  a  dehydrated  coke 
oven  tar. 

X«     Gold  Extract  ion-        In  each  of  the  first  series  of 
determinations  made  by  the  cold  extraction  method,  10  grams  of 
tar  were  allowed  to  stand  in  contact  with  100  c.c.   of  benzene 
for  different  periods  of  time.     The  tar  solution  thus  formed 
was  then  filtered  through  a  weighed  Gooch  filter,  the  insoluble 
residue  washed  with  benzene  until  the  washings  were  colorless 
(this  condition  was  not  to  be  realized  completely),  and  then 
weighed  as  "free  carbon"  after  drying  to  constant  weight  at  110C>C. 
The  results  are  shown  in  Table  No.  I. 
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Cable  No.  I.-  "Free  carbon"  "by  cold  extraction 
using  benzene  as  solvent. 


Gas  house  tar  (not  dehydrated). 

Time  of  standing  Per  cent  "free  carbon" 

0.0        hours  4.23 

2.0            "  4.92 

5.0            "  5.42 

16.0            "  5.04 

68.0            "  6.06 

7           days  7 . 09 

17               "  8.03 

43               "  9.56 
Water  gas  tar  (dehydrated). 

Time  of  standing  Per  cent  "free  carbon" 

3           hours  2.15 

11               "  2.33 

47               "  2.55 
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The  results  given  in  Table  Bo.  I  show  that  the 

"free  carbon"  content  tends  to  increase  in  value  the  longer  the 

tar  is  allowed  to   stand  in  contact  with  benzeno.     The  same 

phenomenon  has  been  observed  by  others  when  solvents  such  as 

toluene,  chloroform,  carbon  bisulfide,  glacial  acetic  acid,  etc. 
t 

are  used.     This  gradual  increase  of  insoluble  material  has  been 
attributed  to  sedimentation  or  to  chemical  reactions  between  the 
tar  constituents  and  solvent,  producing  compounds  insoluble  in  the 
tar  mixture. 

To  show  whetner  there  was  a  possibility  of  such 
chemical  reactions,  the  different  tars  were  extracted  at  room 
temperature  with  solvents  containing  halogens  such  as  chloroform 
and  bromo— benzene ,  so  that  quantitative  analysis  of  the  "free 
carbon"  residues  for  halogen  would  show  whether  or  not  there  was 
possibility  of  such  chemical  reactions. 

The  method  of  determination  differed  from  that 
described  above  in  that  the  fi It rations  were  made  through  weighed 
Soxhlet  filter  cones,  which  were  afterwards  extracted  with  the 
solvent  with  which  the  tar  was  allowed  to  stand.     7ith  the  ex- 
ception of  water  gas  tar,  the  residues  obtained  by  extraction 
from  the  other  tars  were  analyzed  from  halogens.     The  results 
are  shown  in  Table  Ho.  II. 
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Table  Ho.  II.-    "Free  carbon"  by  cold  extraction, 

Water  gas  tar  (dehydrated) 

Chloroform  used  as  solvent 

Time  of  standing  Percentage  of 

"free  carbon" 

1        hour  0.62 

3        hours  0.75 
46  "  0.90 

Gas  house  tar  (dehydrated) 
Chloroform  used  as  solvent 


Time  of  Percentage  of  Percentage 

standing  "free  carbon"  of  chlorine 

1    hour  3.69  0.7 

5    hours  3,68  0.0 

4  days  4.77  1.2 
14        "  5.26  0.3 

Gas  house  tar  (dehydrated) 

Bromobenzene  used  as  solvent 

Time  of  Percentage  of  Percentage 

standing  "free  carbon"  of  bromine 

5  hours  2.79  2.66 
25  "  2.87  1.95 
72    days  3.03  2.39 
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Table  Wo.  II  continued. 

Coke  oven  tar  (dehydrated) 

Chloroform  used  as  solvent 

lime  of         Percentage  of  Percentage 
standing        "free  carbon"  of  chlorine 

1  hour  5.46  0.35 

25  hours  5.7E  0.13 

3  days  6.59  0.00 


Unfortunately,  lack  of  time  prevented  determination 

from  being  made  with  carbon  bisulfide,  but  the  probable  results 

g 

may  be  seen  from  analyses  made  by  .Veiss. 

Time  of         Percentage  of  Percentage 
standing        "free  cerbon"         of  sulfur 

0.E5  hours  5.91  1.46 

120.00      "  8.27  1.82 

216.00      "  8.01  1.67 

Benzene  extraction  0.92 

A  comparison  of  the  results  obtained  with  benzene 
with  those  obtained  with  chloroform  and  bromobenzene  shows  that 
the  "free  carbon"  content  is  less  when  the  last  two  solvents  are 
used,  although  the  same  tendency  of  continuous  precipitation  of 
insoluble  material  is  observed. 

Whether  this  should  be  attributed  to  physical  or 
to  chemical  phenomena  is  a  debatable  question.     That  halogen 
exists  in  the  "free  carbon"  residue,  though  the  smaller  in 
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quantity  the  longer  the  tar  stands  in  contact  with  solvent,  1s 
shown  by  the  chemical  analyses  in  Table  Ho.  II;     but,  owing  to 
the  complex  nature  of  the  tar,  the  great  number  of  different 
chemical  reactions  which  might  take  place  between  tar  and 
solvent,  and  the  probability  of  adsorption  of  the  solvent  by  the 
"free  carbon"  present,  it  is  impossible  to  conclude  with  cer- 
tainty that  the  presence  of  halogen  is  indicative  of  chemical 
reactions  as  an  explanation  of  the  tendency  of  continuous 
precipitation  of  insoluble  material. 

II.  Hot  Jlxtracti on-      The  first  determinations  by 
the  hot  extraction  method  were  made  in  the  following  manner. 
In  each  case  10  grams  of  tar  v/ere  added  to  100  c.  c.  of  solvent 
in  an  Erlenmeyer  flask.     The  tar  solutions  thus  formed  were 
refluxed  on  the  water  bath  for  different  periods  of  time  after 
which  they  were  filtered  through  weighed  Gooch  filters,  the 
insoluble  residues  washed  with  hot  solvent  until  the  washings 
were  colorless  (a  condition  difficult  to  realize)  and  then 
dried  and  weighed  as  "free  carbon".     The  results  of  analysis  of 
the  gas  house  tar  by  this  method  is  given  in  Table  No.  III. 
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Table  No.  III.-    "Free  carbon"  in  gas  house  tar. 
Digestions  with  benzene 
Time  of  digestion  Percentage  "free  carbon" 

3     hour  4. 48 

10    hours  4.65 
22        "  5.01 
96        "  4.98 
Digestions  with  toluene 
Time  of  digestion  Percentage  "free  carbon" 

1  hour  4.23 
10  hours  4.60 
24  "  5.02 
96        "  4.44 

These  results  are  different  from  what  would  be 
expected  to  take  place.     Naturally  one  would  expect  the  "free 
carbon"  content  either  to  increase  or  decrease  consistently.  Such 
is  not  the  case.     On  the  contrary,  the  "free  carbon"  gradually 
approached  a  maximum  value  and  then  decreased  as  shown  by  curves 
1  and  2,  being  5.01  and  5.02  for  benzene  and  toluene  respectively. 

In  order  to  establish  whether  such  was  the  case, 
it  was  thought  necessary  to  use  more  accurate  methods  of 
analysis.     The  method  chosen  corresponds,  at  least  in  principle, 
to  that  recommended  by  '.7eiss. 


U.  OF  '.  S.  S.  FORM  3 
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In  eaoh  determination  10  grams  of  tar  were  added 
to  100  c.c.  of  solvent  in  an  Erlenmeyer  flask  and  digested  for  a 
certain  period  of  time  on  the  water  bath  after  which  the  tar 
solution  was  filtered  through  a  weighed  filter  cone.     This  filter 
cone  was  then  placed  in  a  soxhlet  extractor,  extracted  with  the 
same  solvent  used  in  digestion,  then  dried  and  the  residue 
weighed  as  "free  carbon17.     The  results  obtained  by  this  method 
are  given  in  Table  Ko.  IV.     tfhen  chloroform  was  used  as  solvent 
analyses  of  "free  carbon"  for  halogen  was  made  by  the  perqxide 

10 

bomb  method.    Analyses  were  not  made  for  halogen  in  the  "free 
carbon"  residues  from  water  gas  tar  because  the  quantities  ob- 
tained were  too  small  to  work  with  conveniently. 
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able  JSo.  IV.-     "Free  carbon"  by  hot  extraction. 

7/ater  gas  tar  (dehydrated) 
Benzene  as  solvent 

Time  of  digestion  Percentage  of  "free  carbon" 

1    hour  1.06 

4    hours  1.33 

7  1 . 13 
43        "  1.17 

Gas  house  tar  (dehydrated) 

Time  of  digestion  Percentage  of  "free  carbon" 

1    hour  4.28 

4    hours  4.47 

40        "  5.16 

96        "  4.68 

Coke  oven  tar  (dehydrated) 
Benzene  as  solvent 

Time  of  digestion  Percentage  of  "free  carbon" 

1    hour  6.13 

4    hours  6.73 

50        "  9 . 33 

98        "  9.64 

8  days  11.83 
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Table  Uo.   IV  continued. 

•7ater  gas  tar  (dehydrated) 

Chloroform  as  solvent 

Time  of  digestion       Percentage  of  "free  carbon" 

1     hour  0,77 

4    hours  0.68 

45        "  0.97 

Gas  house  tar  (dehydrated) 

Chloroform  as  solvent 

Time  of  Percentage  of         Percentage  of 

digestion        "free  carton"  chlorine 

1  hour  3.77  0.55 

43  hours  4.63  1.34 

3  days  5.76  2.64 

The  results  given  in  Table  Ho.  IV  show  that 
there  actually  is  a  maximum  value  for  "free  carbon"  in  gas  house 
tar  and  water  gas  tar  for  benzene  as  solvent.     This  is  shown 
graphically  by  curves  3  and  4.     In  case  of  coke  oven  tar  no 
maximum  was  reached,  though  the  curve  rapidly  becomes  horizontal 
as  shown  by  curve  5.     This  is  due  perhaps  to  the  possibility 
that  digestion  was  not  continued  long  enough  to  reach  this 
maximum  point.     This  conclusion  is  supported  by  the  probability 
that  the  period  of  digestion  necessary  to  reach  the  maximum 
value  seems  to  be  longer  the  greater  the  amounts  of  "free  carbon" 
present,  as  shown  by  a  comparison  of  the  results  obtained  with 
water  gas  tar  and  gas  house  tar. 
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The  determinations  with  chloroform  show  that  no 
maximum  value  is  reached,  at  least  for  the  periods  of  digestions 
used  in  these  experiments  (TBble  Uo.  IV).  The  amount  of  halogen 
in  the  residue  increases  with  digestion  aw  shown  in  Table  :;o. 
IV  in  case  of  gas  house  tar,  indicating  a  strong  probability  of 
chemical  reaction  as  an  explanation  of  the  increase  in  insoluble 
material  on  continued  digestion.     That  chemical  reaction  does 
take  place  is  shown  conclusively  by  the  fact  that  small  crystals 
of  amber  color  were  found  throughout  the  "free  carbon"  residue 
when  gas  house  tar  was  digested  with  chloroform  for  3  days.  The 
amount,  however,  of  this  substance  was  too  small  to  account  for 
the  increase  in  weight  of  "free  carbon"  residues.     As  further 
evidence  of  this  last  statement,  the  percentage  of  halogen  men- 
tioned above  obtained  in  the  "free  carbon"  residue  is  far  too 
small  to  account  for  chemical  reactions  producing  insoluble 
material  as  a  cause  of  increase  in  "free  carbon"  on  digestion. 
If,  for  this  reason,  it  is  supposed  that  the  results  mentioned 
above  should  be  attributed  to  physical  phenomena  and  not  to 
chemical  reactions,  the  boiling  point  determinations  described 
later  on  will  show  that  chemical  reactions  do  take  place  in 
the  tar  solutions  obtained  by  using  chloroform  as  solvent. 

III.     Boiling  Point  Experiment s-    If  the  theory 
of  chemical  reaction  between  tar  and  solvent  is  to  explain  partly, 
if  not  completely,  the  variations  observed  in  the  "free  carbon" 
content  of  tars  by  continued  digestion,  there  should  be  a 
fluctuation  in  the  boiling  point  range  of  such  solutions,  due  to 
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the  change  in  the  chemical  nuture  of  the  constituents  in  the  tar 
solutions.     The  following  experiments  were  not  designed  to 
predict  the  nature  of  the  chemical  reactions,  if  such  take 
place,  hut  were  merely  to  show  whether  or  not  there  is  a 
probability  that  such  chemical  changes  do  occur.     The  experiments 
were  performed  in  the  following  manner: 

Five  grams  of  tar  diluted  with  50  c.c.  of  solvent 
were  placed  in  the  inner  tube  of  a  type  of  standard  apparatus 
used  in  determining  the  molecular  weight  of  compounds  by  the 
boiling  point  method.     To  prevent  the  escape  of  solvent  the 
condenser  attached  to  this  inner  tube  containing  the  tar 
solution  was  closed  with  a  mercury  seal.     The  boiling  point 
was  observed  at  different  intervals  with  a  Beckmann  thermometer.. 
The  results  of  this  series  of  experiments  are  shown  in 
Table  No.  V. 
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The  determinations  made  with  benzene  as  solvent 
show  that  no  appreciable  chemical  reaction  take  place  in  the 
tar  solutions  (Curves  6,  7,  and  8).     The  experiment  using  carbon 
bisulfide  as  solvent  shows  the  same  probability  as  mentioned 

in  care  of  benzene  (Curve  9).     The  rapid  rise  observed  In  the 
first  portion  of  the  curve  is  best  explained  by  the  probability 

that  equilibrium  was  not  as  yet  reached  between  the  temperature 

of  the  tar  solution  and  that  of  the  surroundings. 

In  case  where  chloroform  was  used  as  solvent,  the 

boiling  point  of  the  solution  shows  a  continuous  rise,  thus 

showing  the  presence  of  chemical  reaction  within  the  tar  solution. 

Unfortunately,  only  one  tar  was  investigated  using  chloroform 

as  solvent,  but  it  is  reasonable  to  suppose  that  others  would  give 

the  same  results.     This  rise  in  boiling  point  is  shown  graphically 

by  curve  10. 
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CONCLUSIONS 

The  re  si"  Its  of  these  experiments  lead  to  the 
following  cone lusions : 

(1)  The  increase  in  the  percentage  of  "free  carbon" 
observed  when  tars  are  allowed  to  stand  in  contact  with  solvents 

at  room  temperature  such  as  benzene,  toluene,  carbon  bisulfide, 
and  chloroform  is  more  likely  to  be  due  to  physical  than  to 
chemical  phenomena,  probably  unstable  complex  colloidal  solutions 
being  formed  from  which  insoluble  material  is  gradually 
precipitated. 

(2)  The  variation  in  "free  carbon"  content 
obtained  by  hot  extraction  with  benzene  and  toluene  is  of  purely 
physical  nature,  the  maximum  values  obtained  being  explained  as 
an  equilibrium  between  two  opposing  conditions;     namely,  the 
tendency  of  colloidal  material  to  precipitate  when  tar  is  diluted 
with  solvent,  and  the  tendency  of  digestion  to  cause  the  insoluble 
material  to  pass  into  the  colloidal  state. 

(3)  That  while  chemical  change  takes  place  on 
digestion  in  solutions  of  tar  and  chloroform,  the  increase  in 
"free  carbon"  can  not  be  logically  explained  on  the  basis  of 
chemical  reactions  productive  of  insoluble  material.     The  more 
reasonable  explanation  is  the  same  as  that  given  under  fl)  and  (2). 


p 1 


(4)     If  the  selection  of  a  solvent,  which  when 
added  to  tar  will  not  give  rise  to  chemical  reactions,  is 
the  proper  criterion  in  devising  a  method  for  the  determination 
of  "^ree  carbon",  benzene,  toluene,  and  carbon  bisulfide  should 
be  selected  in  preference  to  chloroform. 
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